SUMMARY. Known risk factors for coronary heart diseases do not explain all of clinical and epidemiological features of the disease and additional environmental factors probably contribute to clinical atherothrombotic events. This study examined the association of Helicobacter pylori (H. pylori) infection with acute and chronic coronary syndromes assessed by coronary angiography as well as the influence of H. pylori on fibrinogen level. Paired sera from 52 patients with acute myocardial infarction (AMI) according to WHO criteria, 51 patients with positive coronary angiography and 55 patients with negative coronary angiography reports were investigated for antibodies to H. pylori and fibrinogen levels. H. pylori antibodies were determined by ELISA method. Plasma fibrinogen was measured by the Clauss assay. Coronary angiograms were reviewed by two cardiologists independently (weighted κ = 0.64) and significant lesion was defined as ≥50% stenosis of at least one coronary vessel. There was significant relationship between H. pylori infection and acute myocardial infarction (Odds ratio = 13.2, 95% CI = 5.1-34.3, P = 0.00), however, no significant difference between patients with positive or negative coronary angiography (Odds ratio = 2.0, 95% CI = 0.76-5.35, P = 0.24) was seen. The crude prevalence of H. Pylori was not related significantly to the childhood socioeconomic class (P > 0.05) while showing significant inverse relationship with current socioeconomic class (P < 0.05). Fibrinogen levels were significantly higher among H. pylori positive than H. pylori negative patients (331.7 ± 78.2 vs 304.6 ± 66.4 mg/dl) (P = 0.04). While the Odds ratios for positivity of H. pylori antibodies in relation to smoking status, current socioeconomic classes were significant (P < 0.05), sex and childhood socioeconomic classes showed no significant association with H.
INTRODUCTION
Atherosclerosis, including coronary artery disease (CAD) is highly prevalent in Iran and is the single greatest cause of mortality. (Sarraf-Zadegan et al. 1999a; 1999b) .
Although many risk factors for atherosclerosis are known (e.g. hyperlipidemia, hypertension, smoking and diabetes), much of attributable risk remains unexplained (Farmer and Gotto 1997) .
There is increasing evidence from observational studies (Saikku et al. 1998 , Saikku et al. 1992 , Thome et al. 1992 , Graystone 1993 , Danesh et al. 1997 and randomized clinical trials , Gurfinkel et al. 1997 ) that certain bacterial infections may play a role in the etiology of CAD and subsequent acute myocardial infarction (AMI). Chlamydia pneumonia, Helicobacter pylori (H. pylori) and bacterial periodontal diseases, have been related to an increased risk of developing AMI as well as thrombotic stroke (Mattila et al. Correspondence to: Nizal Sarraf-Zadegan MD, Isfahan Cardiovascular Research Center, PO Box 81465-1148, Isfahan, Iran. Tel.: 311 4460807, 4460787, 4461826; Fax: 311 4459023; E-mail: isfcarvasrc@hotmail.com; isf.carvasrc@asia-mail.com 1989, Wimmer et al. 1996) . However, this association has not been confirmed in other studies (Murray et al. 1995 , Carter et al. 1996 .
These conflicting results could be due to the different methods used to classify CAD. Trials have used the Rose, angina questionnaire and electrocardiographic (ECG) abnormalities (Murray et al. 1995 , Patel et al. 1995 , which are less accurate than coronary angiography in diagnosing the presence of CAD.
The present study was designed to investigate (a) the possible relationship between H. pylori infection and AMI, (b) the possible association between H. pylori and angiographically proven CAD using patients without significant lesions in angiography as a control group, and (c) the relationship between H. pylori and age, sex, socioeconomic status, smoking, plasma fibrinogen etc.
METHODS

Study Population
A total of 52 consecutive patients who had a first-time diagnosis of AMI using the World Health Organization criteria of at least 2 out of 3 from ST elevation of 1 mm in 2 or more successive leads, typical chest pain longer than 20 minutes duration and Creatinine kinase rise of more than twice the baseline value and 106 patients admitted to the catheterization and angiography department for routine angiography to investigate chest pain or suspected CAD were recruited between June 1998 and February 1999. 51 patients in the second group had angiographically confirmed CAD (≥50% diameter stenosis of at least one coronary vessel) and the remaining 55 who were considered to be the control group had normal coronary angiograms without any reported lesion.
The independent review of the angiograms was done visually according to the clinical routine by cardiologists who were blinded to H. pylori status. All subjects completed questionnaires including demographic data, previous history of gastroduodenal disease and CAD risk factors, e.g. smoking, history of diabetes, hyperlipidemia etc. Participants were asked about their living conditions at present and when they were aged 10 years in order to estimate their socioeconomic status according to a questionnaire validated by the Ministry of Health and used for this purpose in Iran. Categories 1, 2 and 3 represent the good, moderate and poor social class and economic status. Blood pressure was measured with subjects lying flat and to the nearest 2 mm Hg.
Serum Collection and Testing
Blood was drawn by veinpuncture from an antecubital vein and collected in 10 ml tubes then stored at −20
• C. H. pylori IgG antibody concentrations were measured with a reliable and standardized enzyme-linked immunosorbent assay (ELISA) procedure (Steer et al. 1987 ). An ELISA optical density reading of greater than 0.7, which corresponded to an IgG antibody titre of 10 µg/ml, was considered as positive evidence of H. pylori infection. This cut-off showed both sensitivity and specificity >95% (Newell et al. 1990 ). Plasma fibrinogen levels were measured according to the Clauss method. The coefficients of variation for the laboratory assay was 2.24.
STATISTICAL ANALYSIS
We conducted a matched analysis (conditional logistic regression) using the software program SPSS for Windows, version 7.5. The comparisons between mean values were analyzed by using Student's t-test, ANOVA (analysis of variance), and Kruskal-Wallis test. Agreement for coronary angiographies review was measured using crude percentages and weighted K statistics.
We used age, systolic blood pressure, diastolic blood pressure, fibrinogen level and socioeconomic status as continuous variables. Smoking status was assessed by classifying participants as current smokers or nonsmokers.
Odds ratios (ORs) are presented with 95% confidence intervals (CIs), and P values are 2-tailed.
RESULTS
For the results of narrowed coronary arteries, cardiologists agreed with the angiographic report in 64 patients (60% weighted k = 0.64).
The general features of patients and controls are summarized in Table 1 . Patients in two case groups (AMI and positive coronary angiography) were similar in age, systolic and diastolic blood pressure, however participants with positive coronary angiography had significantly higher prevalence rate of hyperlipidemia than patients with AMI or negative coronary angiography. Plasma fibrinogen level was significantly greater among AMI patients than CAD positive or negative patients (P < 0.05).
H. pylori infection was present among 69.2%, 25.5% and 14.5% of AMI patients (1st group), patients with CAD (2nd group) and patients without CAD (3rd group) according to coronary angiography, respectively. While significant difference regarding the frequency of H. pylori infection was seen among the studied groups, the difference concerning the current or previous socioeconomic class was not significant. Table 2 shows the crude and socioeconomic class adjusted prevalence rates of H. pylori antibody for the studied groups. A test for linear trend adjusted for social class was statistically significant (χ 2 = 38.3, P < 0.0001). The relative risk estimates of developing AMI or CAD in relation to H. pylori infection are shown in Table 3 . There was significant relationship between H. pylori infection and the presence of AMI when the first and second groups were compared (Odds ratio = 6.58; 95% CI = 2.78-15.58, P = 0.00) (not shown) as well as the comparison between the 1st and 3rd groups (Odds ratio = 13.2, 95% Cl = 5.1-34.3, P = 0.00) but no significant difference when the 2nd and 3rd groups were compared (Odds ratio = 2.0, 95% CI = 0.76-5.35, P = 0.24). Although H. pylori-positive patients were at a significantly increased risk of AMI compared with H. pylori-negative patients, the risk of developing coronary lesions did not, however, differ significantly in relation to the presence of H. pylori infection. The age relationship to the presence of H. pylori infection was studied showing no significant results, P = 0.82 (not shown). The distribution of H. pylori infection in relation to current or previous socioeconomic class is shown in Table 4. The prevalence rate for H. pylori was lowest in socioeconomic class 2 and highest in category 3. A test for linear trend of increasing prevalence rates with decreasing current socioeconomic class was significant (χ 2 = 0.3, P = 0.02) however, no significant difference was observed for childhood socioeconomic class (χ 2 = 0.13, P = 0.93). The mean fibrinogen level according to H. pylori seropositivity, sex and smoking status is presented in Table 5 . Seropositivity to H. pylori was independently associated with raised fibrinogen level even after controlling for possible confounding factors related to either infection or fibrinogen. The H. pylori antibodies were significantly associated with smoking status, current social class (P < 0.05), however, sex or childhood social class showed no significant association with the presence of H. pylori, P > 0.05, Table 6 .
DISCUSSION
In the present study, we have investigated the association between antibody to H. pylori, chronic coronary heart disease and acute myocardial infarction. The main result shows that infection by H. pylori is significantly associated with AMI (OR = 13.2) whereas H. pylori antibodies have similar prevalence rates in patients with or without coronary atherosclerotic plaques. These findings strongly suggest the association between H. pylori and AMI or the thrombotic event. Several studies with different results have investigated this subject previously (Matilla et al. 1989 , Wimmer et al. 1996 , Meier et al. 1999 , Gerning et al. 1997 , Folsom 1999 . As coronary artery disease involves the process of atheroma formation, while acute myocardial infarction includes plaque rupture and superimposed thrombus formation, it is possible that the risk factors related to atheroma process are not necessarily be related to thrombosis. While our results suggested that H. pylori is associated strongly with the presence of thrombosis not with atheroma, other studies findings support the hypotheses that H. pylori may influence atherogenesis through low grade, persistent inflammatory stimulation (Gerning et al. 1997 , Folsom 1999 , Pasceri et al. 1998 . Furthermore, the relationship between H. pylori and ischemic heart disease have been reported to be strong (Patel et al. 1995) , mild (Murray et al. 1995) or even negative (Rathbone et al. 1996) . These contradictory results may be explained, at least in part, by the strong association of H. pylori infection with confounding factors (Murray et al. 1995) . The chief difficulty in trying to find out whether a causal association exits between H. pylori and coronary heart disease is that low socioeconomic status is a general indicator, seem to be strongly associated with both factors. The difference in the infection pattern of H. pylori by social class or socioeconomic status, have been reported previously (Mendall et al. 1994 , Graham et al. 1991 , Sitas et al. 1991 , Mendall et al. 1992 . Furthermore, evidence suggests that childhood deprivation and ultimately chronic bacterial infection may influence the risk of coronary heart disease (Mattila et al. 1989 , Mendall et al. 1992 , Elford et al. 1991 . Our data showed no significant relationship between H. pylori infection and childhood socioeconomic class, however this association with current socioeconomic class was significant. These results indicate that H. pylori is probably act- ing as surrogate marker for early life experiences, however people who are in good socioeconomic status may also be concerned about other aspects of their health, including a life-style conducive to the prevention of coronary heart disease. Further limitation in this study is the small number of cases or controls, which probably explain the reason for the rejection of the association between H. pylori and angiographicaly confirmed CAD with odds ration of 2 (type 2 error). Studies with larger samples that tried to reduce the effects of selection biases by adjusting for potential confounders tended to report stronger association. Although, we studied smaller number of patients but the most important issue is the selection of the control group, since all of them were sampled from approximately the same population as their cases.
Various potential causative mechanisms may act acutely or chronically regarding the proposal association between H. pylori and coronary heart disease. One of the possible indirect mechanisms is the change in known or suspected cardiovascular risk factors [such as lipids (Niemela et al. 1996) , fibrinogen (Patel et al. 1995) , or homocystein (Suny & Sanderson 1996) ]. Fibrinogen has emerged as a potent predictor of coronary heart disease and future coronary events as shown in a number of large prospective studies including the Framingham (Kannel et al. 1987) and PROCAM (Heinrich et al. 1994) studies.
We have found a trend towards an increasing plasma fibrinogen in H. pylori -positive patients that may suggest the mechanism by which this infection could cause coronary heart disease. Beside this, other studies reported that individuals seropositive for H. pylori had high concentration or counts of some inflammation markers (like C-reactive protein, fibrinogen and leucocytes) (Patel et al. 1995 , Kannel et al. 1987 , Heinrich et al. 1994 , Mendall et al. 1996 that may be associated with increased risk of vascular diseases. But, larger studies failed to confirm these associations with H. pylori infection (Murray et al. 1995) . Another possible mechanisms are the autoimmune reactions against subunits contained in the H. pylori (Birnie et al. 1996) or the existence of H. pylori beyond the gastric mucosa (Gonzalez-Valencia et al. 1996) or in the walls of athermatous arteries (Blasi et al. 1996) , that need further investigations. Fibrinogen may also be raised significantly after the acute cardiac event and be related to thrombolysis, however in the present study it was higher among patients with stable angina and positive coronary angiograms as well. Finally, the known risk factors for coronary heart disease that have been studied in Iran as well (Sarraf-Zadegan et al. 1999) , seem to explain only half to three quarters of the variation in the incidence of coronary heart disease in industrialized societies (Stamler 1997) which necessitates further studies towards other risk factors to be identified.
In summary, our results have shown that the prevalence of H. pylori infection is very high among patients with acute myocardial infarction. Infection rates showed significant differences between current socioeconomic class groupings and finally fibrinogen level was higher among patients with H. pylori infection. The association between H. pylori and AMI reported here needs more confirmation by larger rigorously controlled studies, as the causal link would be of major public health importance because the infection can be eradicated with antibiotics.
